The monoamine oxidases play a vital role in the metabolism of biogenic amines in the central nervous system and in peripheral tissues. Using oligonucleotide probes derived from three sequenced peptide fragments, we have isolated cDNA clones that encode the A and B forms of monoamine oxidase and have determined the nucleotide sequences of these cDNAs. Comparison of the deduced amino acid sequences shows that the A and B forms have subunit molecular weights of 59,700 and 58,800, respectively, and have 70% sequence identity. Both sequences contain the pentapeptide Ser-Gly-Gly-Cys-Tyr, in which the obligatory cofactor FAD is covalently bound to cysteine. Based on differences in primary amino acid sequences and RNA gel blot analysis of mRNAs, the A and B forms of monoamine oxidase appear to be derived from separate genes.
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Monoamine oxidases A and B [MAO A and MAO B, respectively; amine:oxygen oxidoreductase (deaminating) (flavin-containing), EC 1.4.3.4] in the central nervous system and in peripheral tissues catalyze the oxidative deamination of neuroactive and vasoactive amines (1) and the oxidation of xenobiotics, including the parkinsonism-producing neurotoxin 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (2, 3) . These enzymes, which are integral proteins of the outer mitochondrial membrane (4) , are distinguished by differences in substrate preference (5) , inhibitor specificity (6) , tissue and cell distribution (7) , and immunological properties (8, 9) . MAO A preferentially oxidizes the biogenic amine serotonin and is inactivated irreversibly by the acetylenic inhibitor clorgyline. MAO B preferentially oxidizes phenylethylamine and benzylamine and is inactivated by the irreversible inhibitors pargyline and deprenyl. The level of MAO activity in almost all human tissues consists of a mixture of both forms of the enzyme, but placental tissue contains predominantly MAO A (10), whereas platelets and lymphocytes express only MAO B (11, 12) . MAO A and B from several tissue sources and species appear to consist of two subunits with approximate molecular masses of 60 kDa (13, 14) . One subunit has an essential covalently bound FAD (14, 15) , coupled by facile binding or by an uncharacterized enzyme (16) . Studies of [3H] pargyline-labeled enzyme resolved in NaDodSO4/PAGE have shown that the FAD-containing subunit of human MAO A from placenta and MAO B from platelets have molecular masses of -63 kDa and =60 kDa, respectively (17) . A comparison of highly purified human placental MAO A and human liver MAO B revealed that the A form of the enzyme is larger by =2 kDa (18) . Sequence studies offragments obtained by digestion with chymotrypsin and trypsin have identified a pentapeptide fragment, Ser-GlyGly-Cys(FAD)-Tyr, that is identical in the A and B forms (15, 19) . Peptide maps obtained from proteinase digestion of [3H]pargyline-labeled crude or partially purified MAO A and B suggest that these enzymes differ in their amino acid sequences (17, 20) . Furthermore, differences in degrees of photo-dependent inactivation of these two enzymes suggest the existence of conformational or structural differences in their active sites (21) (22) (23) .
To clarify the molecular basis of structural and functional differences between these important enzymes, we have isolated and characterized cloned cDNAsI encoding these proteins. The nucleotide and deduced amino acid sequences for human liver MAO A and B show that these two proteins are derived from separate genes.
MATERIALS AND METHODS
Construction and Screening of the Human Liver cDNA Library. A Agt1O library was constructed from poly(A)+ mRNA isolated from human liver (24) . The phage library contained 2 x 106 individual clones of which 5 x 105 clones were subjected to hybridization under moderately stringent conditions of 20% (vol/vol) formamide/5 x SSC (1 x SSC = 0.15 M NaCl/0.015 M sodium citrate) at 37°C with 32P-labeled synthetic oligonucleotides. When screening for MAO A cDNA clones, a synthetic oligonucleotide probe and a BamHI fragment of MAO B cDNA were used for hybridization (50% formamide/5 x SSC at 37°C). Oligonucleotide probes were designed from the amino acid sequences of human MAO A and B fragments generated by trypsin digestion. HL-60 (5' GAGATCCTGCATGCCATGGGCAA-GATCCCTGAGGACGAGATCTGGCAGTCTGAG 3') corresponded to the amino acid sequence Glu-Ile-Leu-His-AlaMet-Gly-Lys-Ile-Pro-Glu-Asp-Glu-Ile-Trp-Gln-Ser-Glu and HL-45 (5' GAGAATGTGCTGGTGGAGACCCTGAAC-CATGAGATGTATGAGGCCAAG 3') to Glu-Asn-Val-LeuVal-Glu-Thr-Leu-Asn-His-Gln-Met-Tyr-Glu-Ala-Lys. Both represented MAO B-specific oligonucleotides. HP-99 (5' GATGTGCCTGCTGTGGAGATCACCCACACCTTC-TGGGA 3'), which coded for the peptide fragment Asp-ValPro-Ala-Val-Glu-Ile-Thr-His-Thr-Phe-Trp-Glu, represented a MAO A-specific oligonucleotide.
Phage DNA was prepared from double-positive clones (HL-45 and HL-60 for MAO B; HP-99 and BamHI fragment of MAO B cDNA for MAO A), and the cDNA inserts were excised by digestion with EcoRI and subcloned into M13 (25) . DNA was sequenced by the chaintermination technique (26 (27) . Poly(A)+ mRNAs were subjected to electrophoresis on a 1% agarose/formaldehyde gel and transferred to a nylon membrane as described (28) . The reading frame specifying a polypeptide with a molecular mass of 59.7 kDa. The peptide sequence represented by the oligonucleotide probe HP-99 was found close to the 3' end of the coding region and was identical to the deduced sequence for MAO A. The 3'-untranslated region is 301 nucleotides long, including a poly(A) signaling sequence 53 nucleotides upstream from the poly(A) tail. As found for the hMAO B-1 cDNA clone, no in-frame stop codon was observed preceding the putative start codon. Additional extensive screening of the human liver cDNA library (2 x 106 independent clones) did not reveal a clone with an in-frame stop codon. Other experiments showed that these two probes do not crosshybridize under our experimental conditions. Blots A and B were exposed 1 week whereas blot C was exposed 4 5.4 kb were detected in human placenta (Fig. 3, lane A) . The size of the mRNA for MAO A (2.1 kb) is consistent with the length of the cDNA insert, suggesting that a full-length cDNA clone of MAO A has been obtained. The nature of the longer transcript (5.4 kb) that hybridized with the hMAO A-7 cDNA is not known. It is possible that this transcript is a MAO A mRNA species containing a longer 5'-or 3'-untranslated sequence or that it represents a transcript related, but not identical, to MAO A mRNA. No significant amount of MAO A transcript was detected in human brain frontal cortex under our hybridization conditions. This finding is consistent with immunocytochemical analysis that showed that the concentration of MAO A is much lower than that of MAO B in this tissue (7, 31) . Using the hMAO B-1 cDNA (2.5 kb) as a probe for hybridization, we detected a 3.1-kb mRNA in frontal cortex of human brain. The size of the mRNA for MAO B is larger than the cDNA obtained, suggesting that the transcript contains a long 5'-untranslated region. Relatively low levels of RNA transcripts were observed in placenta when hMAO B-1 cDNA was used as the probe (Fig. 3, lane B) . This result is consistent with catalytic activity assays since predominantly MAO A activity has been found in human placenta (10) .
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When the same RNA blot was hybridized with 32P-labeled actin pseudogene, the radioactivity observed (Fig. 3 , lane C) was much stronger than that observed with cDNA probes for either MAO A (Fig. 3, lane A) or MAO B (Fig. 3, lane B) . This result indicates that the levels of MAO transcripts were relatively low in these tissues.
Comparison Between Human Liver MAO A and B. Comparison of the amino acid sequences of MAO A and MAO B indicate that these proteins are ":70% identical (Fig. 4) . In contrast, the 5'-and the 3'-noncoding regions show little sequence similarity. The regions of amino acid sequence identity appear randomly distributed over the entire coding region. The overall sequence similarity of these enzymes is The deduced polypeptide encoded by hMAO B-1 cDNA has a molecular mass of 58.8 kDa, whereas the protein encoded by hMAO A-7 cDNA is slightly larger (59.7 kDa). These results agree with the apparent subunit molecular weights of these proteins from NaDodSO4/PAGE (18 Conclusive identification of the N-terminal amino acids for MAO A and B remains to be established because open reading frames precede the putative start codons for these enzymes and because the N-terminal amino acids appear to be blocked (data not shown). However, assignment of the start codon (AUG) is supported by the Kozak sequence rules (32) and the calculated molecular masses of the deduced proteins (59.7 kDa and 58.8 kDa for MAO A and B, respectively).
The FAD-binding site is located in the C-terminal region of both proteins in equivalent positions. Furthermore, an AMPbinding site near the N-terminal end of these molecules (amino acid residues 15-29 and 6-20 in MAO A and B, respectively) corresponds to a region that shows extensive sequence identity in several other flavoproteins, including lipoamide dehydrogenase, glutathione reductase, thioredoxin reductase, D-amino acid oxidase, p-hydroxybenzoate hydroxylase, and lactic dehydrogenase (33) .
Examination of the primary structures of MAO A and B does not support the hypothesis that these proteins are extensively glycosylated. Only one potential N-glycosylation site exists in each protein, with each site in a different relevant position. Furthermore, it appears unlikely that MAO A is glycosylated in vivo because the potential N-glycosylation site is located within a hydrophobic region.
Immunocytochemical studies of primate brain with monoclonal antibodies that specifically recognize MAO A or B demonstrate that MAO A and B are localized in catecholaminergic and serotonergic neurons, respectively, and in some glial cells and terminal elements throughout this tissue (7, 31). Our finding that MAO A and B are derived from different genes suggests that the differential expression of these enzymes in the central nervous system and in peripheral tissues (7, 31, 34) 
